Background: Periodontitis is a common disease with an unclear pathological mechanism. No precise consensus has been reached to evaluate the association between the IL-10 rs1800872 (-592, -590, -597 C>A) polymorphism and periodontal disease. Thus, we performed this meta-analysis to collect more evidence-based information.
Introduction
Periodontal disease is a group of inflammatory disorders, primarily initiated by a chronic bacterial infection and related to the host response. [1] Interestingly, approximately 5000 years ago, a description of periodontal diseases that is now named periodontitis had been found in ancient Egyptian and Chinese writings. [2] Since then, the concept of periodontitis has prevailed and developed more comprehensively. Currently, periodontal diseases are the most common inflammatory conditions of humans worldwide and affect approximately 50% of adults and 60% of people over 65 years old. [3] Chronic bacterial infection and persistent inflammation lead to connective tissue breakdown and alveolar bone destruction. Inflammatory mediators and periodontal tissue breakdown products have already been detected in gingival tissues, gingival crevicular fluid, saliva, and even plasma. [4] [5] [6] Periodontitis can be classified into 2 main types: chronic and aggressive. Periodontitis is a progressive infectious disease of periodontal tissue and can lead to tooth loss and impaired functioning of dentition. [7, 8] Interleukin-10 (IL-10), a highly pleiotropic cytokine [9] produced by various cell types, including macrophages and T cells, plays a critical role in interconnected cellular and humoral host responses. [10] Interestingly, IL-10 is thought to be an antiinflammatory cytokine that suppresses immune and inflammatory responses. [11, 12] Some research has been conducted to demonstrate the changes in various kinds of cytokines secreted in normal periodontal tissues and pathological conditions, [13] but the expression profile of IL-10 in periodontal conditions has yet to be elucidated.
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to detect the underlying pathophysiology of periodontitis. Many single nucleotide polymorphisms (SNPs) have been reported to play important roles in regulating IL-10 promoter activity, one of which is situated at position -592 (rs1800872) and is related to the translational start site. [14] Several studies have been performed to investigate the relationship between IL-10 rs1800872 (-592, -590, -597 C>A) and periodontal diseases but yielded inconsistent results. Toker et al indicated that the IL-10 rs1800872 polymorphisms in Caucasians were associated with the susceptibility of the CP and AgP [18] ; however, Gonzales insisted that IL-10 rs1800872 promoter polymorphisms investigated in Caucasians did not reach statistical significance for an association with AgP or CP. [17] what's more, Hu et al revealed that rs1800872 polymorphisms were associated with a lower risk for developing CP and AgP in Asians, [23] but Atanasovska-Stojanovska et al and Luo et al found that there were no significant differences between rs1800872 polymorphisms with periodontitis susceptibility in CP or AgP in Asians. [25, 45] To date, plenty of epidemiological studies have focused on the association of IL-10 rs1800872 polymorphisms with CP or AgP susceptibility. However, the available studies remain ambiguous and controversial, so further studies need to be performed to resolve the problems whether there are significant differences between rs1800872 polymorphisms and CP or AgP susceptibility in different ethnic groups.
Therefore, we conducted this meta-analysis to determine whether there is an association between rs1800872 and periodontitis susceptibility, and we anticipate obtaining more substantive evidence of the pathogenesis and progression of periodontitis. Comprehensive understanding of the role of rs1800872 in periodontitis will promote the therapeutics of periodontitis in the future.
Methods

Literature search
Four electronic databases, namely, PubMed, Embase, Web of Science, and China Biology Medicine disc (CBM) databases, were searched in August 2018 by 2 independent reviewers (WZ and LYF). The language of the published articles was restricted to English or Chinese. The following search items were used: ("interleukin 10" OR "interleukin-10" or "IL-10" or "IL 10" or "IL-10-592" or "rs1800872") and ("periodontal disease" or "periodontitis") and ("polymorphism" or "polymorphisms" or "SNP" or "SNPs" or "gene"). Furthermore, references in related studies or reviews were also reviewed by hand searching to identify additional eligible studies. Ethical approval and informed consent were not required, as this study was based on previously published studies and had no patient contact or direct influences on patient treatment.
Inclusion and exclusion criteria
Two reviewers (WZ and LYF) independently evaluated all of the search results, and the following criteria were designed and used for including the identified studies in this meta-analysis: clinical casecontrol studies investigating the association between rs1800872 and periodontitis; the frequencies of alleles or genotypes in case (periodontitis patients) and control (periodontitis-free subjects) groups can be extracted; periodontal patients and control subjects are clearly described and confirmed; and the studies use validated genotyping methods to calculate the value of the odds ratios (ORs), 95% confidence intervals (95%CIs), and the Hardy-Weinberg equilibrium (HWE). The exclusion criteria were animal studies or in vitro studies; reviews, letters, case reports or comments; and studies that did not provide sufficient information about genotype or allelic frequency that could be extracted.
According to both criteria above, the search results were evaluated by 2 reviewers (WZ and LYF), and any dispute was resolved through discussion with a third reviewer (ZYH).
Data extraction
Two reviewers (WZ and LYF) independently extracted the following data from the included studies: the first author, the year of publication, ethnicity (Asians, Caucasians, and Brazilian), periodontitis type (CP, AgP), smoking status (nonsmokers, mixed), the study design, and genotyping type, genotyping method, frequency of alleles or genotypes in cases and controls. Any disagreements were resolved by a third reviewer (ZYH).
This meta-analysis collected data that are presented in the tables. In our study, allele model (A vs C), heterozygote model (AC vs CC), homozygote model (AA vs CC), dominant model (AA + AC vs CC), and recessive model (AA vs AC + CC) were established to explore the relationship between IL-10-592A/C gene polymorphism and periodontal disease.
Quality score assessment and Hardy-Weinberg equilibrium
The Newcastle-Ottawa scale was used to assess the quality of included studies by 2 researchers (QYQ and LYF). In accordance with the scale, study selection, comparability, and outcome were used to assess the methodological quality of the included studies with a maximum of 9 points. The included studies were categorized into poor (scored 0-3), fair (scored 3-6), and good (scored 7-9) study quality groups.
The deviation from HWE was tested by comparing genotype distributions in control groups by Chi-Squared statistic, and P < .05 was considered a significant departure from HWE.
Statistical analysis
Statistical analyses were performed by using Stata software (Version 12.0; Stata Corp., College Station, TX). The odds ratio (OR) value and the 95% confidence interval (CI) of each study were calculated to assess the strength of the association between rs1800872 and periodontitis.
The statistical heterogeneity was tested by I 2 statistics, and values of 25%, 50%, and 75% indicated low, moderate, and high heterogeneity, respectively. A fixed-effect model was pooled to estimate the OR and 95%CI when heterogeneity was low (I 2 50%), while the random effect model was used when heterogeneity was high (I 2 > 50%). Sensitivity analysis (Fig. S1, http://links.lww.com/MD/D258) was conducted to analyze the stability of the pooled results. Publication bias in each model was evaluated by the Egger test. Subgroup analysis was performed to reveal the association among characteristics of the studies and the value of the overall OR and 95%CI, and P < .05 was considered statistically significant.
Results
Study selection and characteristics
A total of 420 published articles were identified from 4 databases, and 2 articles were found by hand research. The flow diagram of the search process is shown in Figure 1 . Of the 422 articles, 79 articles were excluded as a result of duplication, and 294 articles were excluded because they were not relevant to our study. After reading the full text and assessing the eligibility, 23 articles that met all of the inclusion criteria were pooled in the meta-analysis, 20 of which were in English [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] and 3 [36] [37] [38] in Chinese. In total, 23 studies containing 2714 patients and 2373 controls investigating the association between rs1800872 and periodontitis were included in the meta-analysis. The publication dates of the 23 included studies ranged from 2002 to 2018; 2714 periodontitis patients and 2373 periodontitis-free control subjects from 9 different countries were studied. Six of the included studies reported on Asians, [23, 29, 31, [36] [37] [38] 13 studies reported on Caucasians, [15, 17, 18, 19, 21, [25] [26] [27] [28] 31, [33] [34] [35] and the last 4 studies reported on Brazilians. [20, 22, 24, 32] In terms of the type of periodontitis, 13 studies focused on chronic periodontitis (CP), [18, [20] [21] [22] 24, 26, 27, 31, [33] [34] [35] 37, 38] 3 studies focused on aggressive periodontitis (AgP), [28, 31, 36] and 7 studies focused on both CP and AgP. [15, 17, 19, 23, 25, 29, 32] The subjects of 14 studies were nonsmoker, [15, 18, 19, 21, 22, 24, [26] [27] [28] [29] [30] [31] [32] [33] 4 studies included both smokers and nonsmoker (mixed group), [23, 25, 34, 35] and 5 studies did not provide this information. [17, 20, [36] [37] [38] In the 23 included studies, 17 studies were in accordance with HWE for the genotype distribution, [20, 21, [23] [24] [25] [26] [27] 36] whereas 6 represented a significant departure from HWE. [17] [18] [19] 22, 28, 30] The characteristics of the included studies and patients are summarized in Table 1 .
Study quality assessment
Twenty three included studies had a quality score ≥5 (moderatehigh quality), of which 9 studies were considered high quality and 14 studies were considered moderate quality, as shown in Table 1 and Table S2 , http://links.lww.com/MD/D258. Discrepancies between the 2 investigators (QYQ and LYF) were resolved by discussion to reach a consensus.
Meta-analysis results
3.3.1. Overall OR and 95% CI. The search yielded a total of 23 studies to assess the association between rs1800872 and the risk of periodontitis. The pooled results revealed significant differences in the relationship between the rs1800872 and periodontitis susceptibility, as shown in Table 2 and Figures 2 to 5 (A vs C: OR = 1.28, 95%CI = 1.11-1.49, P = .00, I 2 = 56.87%; AA vs CC: OR = 2.06, 95%CI = 1.32-3.23, P = .00, I 2 = 73.3%; AA + AC vs CC: OR = 1.42, 95%CI = 1.03-1.96, P = .03, I 2 = 76.2%; AA vs AC + CC: OR = 1.78, 95%CI = 1.26-2.56, P = .00, I 2 = 76.7%; Table 2 ), while only the heterozygote model did not show statistical significance (AC vs CC: OR = 1.29, 95%CI = .93-1.77, www.md-journal.com P = .13, I 2 = 73.6%; Table 2 ). Meta-analyses showed that rs1800872 was associated with increased risks of periodontitis.
Publication bias and sensitivity analysis.
Moreover, no significant publication bias was identified in all comparisons by performing the Egger test. In the sensitivity analysis, the influence of each individual study on the pooled OR was assessed by sequentially removing one study each time in each genetic model.
The results revealed that statistical heterogeneity and the overall OR did not change significantly.
Subgroup analysis.
The meta-analysis results are summarized in Table 3 . To assess the potential effect of ethnicity, and type of periodontitis on the genotype and allelic distributions, 3 subgroups analyses were conducted for further evaluating the overall OR value and P value. In the subgroup analysis based on ethnicity, significant associations between the Table 1 Characteristics of studies included in the meta-analysis.
Authors
Year The association between rs1800872 and periodontitis. Table 3 ).
In the subgroup analyses categorized by the type of periodontitis, the pooled results presented significant differences in the allelic model, homozygote model, dominant model, and recessive model (A vs C: OR = 1.30, 95%CI = 1.14-1.48, P = .00; AA vs CC: OR = 1.99, 95%CI = 1.36-2.93, P = .00; AA + AC vs CC: OR = 1.38, 95%CI = 1.04-1.82, P = .02; AA vs AC + CC: OR = 1.80, 95%CI = 1.32-2.45, P = .00; Table 3 ) but not the heterozygote model (AC vs CC: OR = 1.24, 95%CI = 0.93-1.64, P = .14; Table 3 ). Interestingly, the data indicated that each model in the CP subgroup had significant differences (A vs C: OR = 1.32, 95%CI = 1.11-1.56, P = .00; AC vs CC: OR = 1.43, 95% CI = 1.01-2.04, P < .05; AA vs CC: OR = 2.24, 95%CI = 1.34-3.74, P = .00; AA + AC vs CC: OR = 1.58, 95%CI = 1.11-2.24, P = .01; AA vs AC + CC: OR = 1.82, 95%CI = 1.22-2.72, P = .00; Table 3 ). However, in the AgP subgroup, the allelic model, homozygote model and recessive model conveyed significant differences (A vs C: OR = 1.26, 95%CI = 1.05-1.52, P = .02; AA vs CC: OR = 1.61, 95%CI = 1.05-2.45, P = .03; AA vs AC + CC: OR = 1.66, 95%CI = 1.23-2.25, P = .00; Table 3 ).
In terms of smoking status, all genetic models showed significant differences in the nonsmoker subgroup between rs1800872 and periodontitis susceptibility (A vs C: OR = 1.37, 95%CI = 1.14-1.64, P = .00; AC vs CC: OR = 1.65, 95%CI = 1.11-2.45, P = .01; AA vs CC: OR = 2.78, 95%CI = 1.49-5.17, P = .00; AA+AC vs CC: OR = 1.83, 95%CI = 1.22-2.76, P = .00; AA vs AC+CC: OR = 2.26, 95%CI = 1.27-4.01, P = .01; Table 3 ). The AA genotype carriers more frequently suffered from periodontitis (AA vs CC: OR = 2.78, 95%CI = 1.49-5.17, P = .00; Table 3 ).
Discussion
Periodontitis develops as a result of imbalance in the oral microbiota, leading to an immune response of the host, thus carrying enormous influence on periodontium protection and support. IL-10, a factor produced by Th2 cells, inhibits the production of cytokines by Th1 cells. IL-10 can protect against bone resorption and attenuate the inflammatory reaction by affecting the bone protection factor system and can directly promote cytokine synthesis, such as IL-1, IL-6, TNF-a, gelatinase, TIMPs and OPG, and collagenase. [39] [40] [41] Therefore, individuals who are high producers of IL-10 are most likely protected against PD due to the anti-inflammatory cytokines that negatively regulate the immune response against periodontopathogenic bacteria. Additionally, some studies found that the interruption of IL-10 would result in accelerating alveolar bone absorption and decreasing bone formation. [42, 43] More importantly, some studies demonstrated that polymorphism of IL-10 gene promoter were involved in the development of periodontal diseases. The specific genotype (-592AA) with low IL-10 expression might aggravate the inflammatory response. [44] Claudino et al [25] stated that the IL-10 promoter -592A/C single nucleotide polymorphism is associated with a decrease in IL-10 production. Hence, understanding the biological role of IL-10 and its gene polymorphism is necessary for further therapeutic approaches against periodontitis. Discrepancy was also evident for rs1800872 in the included studies. A study by Summer et al [26] confirmed that a statistically significant difference in the frequencies of genotypes (AA vs CC + CA: OR = 12.37, 95%CI = 2.74-7.77, P < .05; CA + AA vs CC: OR = 3.05, 95%CI = 1.47-6.33, P < .05) and alleles (A vs C: OR = 2.61, 95%CI = 1.52-4.51, P < .05) at position -592C to A between CP patients and healthy controls. AA homozygosity was also found to be an increased risk for CP by others. [15, 24, 27] In contrast, Gonzales et al [17] reported that IL-10 loci were not associated with CP or AgP. Nevertheless, supporting Gonzales et al, [17] Reichert et al, [25] Atanasovska-Stojanovska et al [25] and Brett et al, [44] respectively, researched the German, Macedonian, and English populations, and they found no association between CP and IL-10-592A/C gene polymorphism. However, in this meta-analysis, the pooled data of the studies on periodontitis demonstrated significant relationships in 4 genetic models (A/C; AA/CC; AA +AC/CC; AA/AC+CC; Table 2 ; Figs. 2-5) , except the heterozygote model (AC vs CC: OR = 1.29, 95%CI = 0.93-1.77, P = .13, I 2 = 73.6%; Table 2 ). In addition, Jaradat et al [15] and Li et al [36] indicated that no significant differences were observed in the genotype frequencies between AgP patients and controls. However, as with Summer et al, [26] our investigation also found significant differences between AgP and rs1800872, and discovered that the AA carriers appeared to have the highest risk for AgP (AA vs AC+CC: OR = 1.66, 95%CI = 1.23-2.25, P = .00; Table 3 ). Additionally, the sensitivity analysis performed by sequentially removing individual studies did not alter the high heterogeneity, which could be caused by many factors, such as race, sample sizes, smoking habits, and deviations of allele distributions from the HWE. Although we detected high heterogeneity in our metaanalysis, we decided not to eliminate more studies because our database had a limited number of included studies; if we excluded some of them, it would not be possible to establish a strong metaanalysis. We decided to generate subgroups by ethnicity, periodontitis type and smoking status to lower the statistical heterogeneity, and to discuss the results. No significant publication bias was identified using the Egger regression method.
To evaluate the effect of ethnicity, the included studies were stratified into Caucasian, Asian, and Brazilian groups that consisted of 13, 6 and 4 studies, respectively. The pooled results demonstrated that there was statistical significance in Caucasians in 2 genetic models, namely, the homozygote model and recessive model (AA vs CC: OR = 2.65, 95%CI = 1.14-6.17, P = .02; AA vs AC + CC: OR = 2.54, 95%CI = 1.19-5.44, P = .02; Table 3 ), but not in the allelic model, heterozygote model and dominant model (A vs C: OR = OR = 1.22, 95%CI = 0.97-1.55, P = .09; AC vs CC: OR = 1.23, 95%CI = 0.76-1.98, P = .40; AA + AC vs CC: OR = 1.38, 95%CI = 0.83-2.29, P = .21; Table 3 ). The Brazilian group consists of Europeans, Africans, Amerindians and unknown races; due to the complexity of their genetic backgrounds, we believe the evidence and pooled result in this group is controversial. More importantly, the homozygote model appeared to be the highest risk in Caucasians (AA vs CC: OR = 2.65, 95%CI = 1.14-6.17, P = .02; Table 3 ) and Brazilians (AA vs CC: OR = 2.36, 95%CI = 1.13-4.92, P = .02; Table 3 ). In comparison, the highest risk in Asians is the recessive model (AA vs AC + CC: OR = 1.37, 95%CI = 1.08-1.73, P = .01). Gorgun et al [46] reached a similar conclusion that the AA genotype carriers were more susceptible to aggressive periodontitis in Caucasians, and neither age nor gender had effects on genotype diversity, while Jaradat et al [15] reached the opposite conclusion in Caucasians. Nevertheless, the highest risk in Asians is the recessive model (AA vs AC + CC: OR = 1.37, 95%CI = 1.08-1.73, P = .01). Geng et al [29] also found that IL-10-592 AA occurred more frequently in patients with chronic periodontitis than in healthy controls, but no statistically significant difference in the distribution of interleukin-10 polymorphisms at -592 was found between generalized aggressive periodontitis and healthy control groups in Asians. [23, 29, 36] We divided the included studies into CP and AgP subgroups that consisted of 20 and 10 studies, respectively. As is known to us, the CP and AgP are different from the rate and mechanism of the periodontal attachment loss and bone destruction, so it is necessary to conduct this subgroup analysis. There were obvious significant differences between the rs1800872 with CP in each model (A/C; AC/CC; AA/CC; AA + AC/CC; AA/AC + CC; Table 3 ). However, some studies were in disagreement with our results, which found no association between the -592 A/C allele and CP. [47] Furthermore, in this AgP subgroup, only the allelic model, homozygote model and recessive model (A/C; AA/CC; AA/AC+CC; Table 3 ) conveyed significant differences. The previous study performed by Toker et al [18] supported the conclusion that IL-10 -592 AA genotype appeared to be an increased risk factor for chronic periodontitis. Contrary to our results, Gonzales et al [17] insisted that no statistical significance was found in IL-10-592 homozygous positive individuals between controls and AgP. As with our finding, Hu et al [23] found no association between IL-10 AA genotype and AgP either. In summary, further in-depth studies should be conducted, and many more cases should be collected to explore these controversial problems comprehensively. Some studies had demonstrated smoking was an important risk factor, which could increase the occurrence of periodontitis, directly, or indirectly. [48, 49] In the smoking status subgroup, there was no significantly different association between rs1800872 and periodontitis susceptibility in the mixed group (smokers and nonsmokers), which might be related with the small sample size and selection bias leading to the lower power of the metaanalysis. Therefore, the study of periodontitis and rs1800872 should provide more reliable and robust evidence to demonstrate whether smoking was a critical risk factor. However, this finding should be interpreted with caution in the nonsmoker subgroup; all comparison models showed significant association between rs1800872 and periodontitis susceptibility, in which the homozygote model had the highest risk (AA vs CC: OR = 2.78, 95%CI = 1.49-5.17, P = .00; Table 3 ).
In some related studies, possibilities existed that some positive results might be hidden and some negative findings might be a consequence of low statistical power. It could be due to their small sample size or methodological shortcomings, such as the selection of an appropriate case group or control group. It is necessary to detect rs1800872 polymorphisms in our metaanalysis in well-defined subgroups of phenotypes with larger number of participants in order to reach more accurate conclusions regarding the genetic background for the development of CP and AgP.
To our knowledge, this is the first meta-analysis conducted to assess the association between rs1800872 and periodontitis susceptibility with 23 studies by subgroup analysis based on ethnicity, periodontitis type, and smoking status, independently. However, our meta-analysis has 4 limitations. First, heterogeneity among the included studies was high, both in the overall effect analysis and the subgroup analyses, which might affect the stability of the pooled results. Second, the search strategy was confined to English language and Chinese language studies, which might have caused a selection bias into this meta-analysis. Third, due to the limited information provided by the included studies, we did not explore other factors, such as the dental clinical parameters related with bleeding on probing, probing depth and clinical attachment loss that could distort the pooled results. Moreover, the environmental factors and others genetic variations might influence the results. Fourth, the number of eligible studies and patients was limited in the overall effect analysis and the subgroup analyses; therefore, more high-quality and well-designed studies are needed to further analyze the association between rs1800872 and periodontitis susceptibility, especially in the smoking population.
Conclusion
In summary, our meta-analysis identified a significant different association between rs1800872 and periodontitis susceptibility, which could help to understand properly the complex causal mechanisms of PD. In IL-10 rs1800872 polymorphism, A allele, AA genotype may confer an increased risk for the PD, while CC genotype may be a decreased risk for PD susceptibility. Moreover, AA genotype may be a high risk factor for PD in Caucasians, while A allele, AA genotype may be a relative risk factor for PD in Asians. Besides, A allele, AA genotype, CC genotype may be closely associated with CP, while A allele, AA genotype may be closely associated with AgP. Additionally, A allele, AA genotype, CC genotype may be an increased risk for the PD in nonsmokers. Hence, IL-10 rs1800872 polymorphism may be appropriate gene markers for gene screening.
